The Gegenbauer polynomial
is defined by
where
Under this definition we have and 
of the Gegenbauer polynomials for large n and A. For this we need
Lemma

(Stirling)
For any number x such that x > 1 we have
Lemma
2.4
There exists a constant A independent of A and n such that c (1) < (2.8)
The proof follows from (2.6) and Stirling's formula (2.7).
[3
In the analysis we will extensively use the relationship between the Fourier functions e ik'_: and the Gegenbauer polynomials C_(x). In particular, we will focus our attention on the Legendre polynomials
and the Chebyshev polynomials
Our basic formula is taken from [2] , page 213:
where J,,(x) is the Bessel function. 
where A is a constant independent of k or N.
(2.17)
Proof:
We start with the following estimate for the Bessel function J,_(nz) (see [1] , page 362): 
The Truncation Error is the measure of deviation of the approximate Gegenbauer expansion from the true expansion:
We can show that the truncation error is exponentially small: 
0)(t) = h--}-1(1 How well do 0_(l) approximate f_(l)?
To answer this question we define where a_ is given either by (2.14) or by (2.15), and A grows at most as fast as a linear polynomial in A and l.
Proof:
We expand C_(x) using (2.12) or (2.13):
where a_ '_ = a_ is given by (2.14) and uk = _ k is given by (2.15).
We now use (2.11) to get where A grows at most quadratically with N.
Proof."
Let kq = [_] be the integer part of _. We split the sum on the right hand side of (4.11)
We first use (2.3) and (2.7) to obtain: 
where A grows at most linearly with N, the growth coming from the summation. where A grows at most as a fourth order polynomial in N.
Proof:
The theorem follows from (4.7), the Assumption 4.1, and (4.14). 
